Introduction
Upon casual surfing of the Web, it becomes quickly obvious that most Web sites are static. By this, I mean that a majority of Web sites are written using Reporters that submit articles may not have any knowledge of HTML or the underlying hierarchy of the site. To top it off, the site receives thousands of hits per hour.
How does CNN.com do it? I have always been curious to know how large Web sites are designed and constructed. Clearly, there must be some sort of underlying database system at sites such as CNN.com. But when I select "view source" in my Web browser, I see nothing but HTML. How is this done? What are the design issues? These are the questions that motivate this paper.
In my investigations on this topic, I found several resources (a couple of books and a few Web sites) that dealt with the first question. The technologies used to back Web sites with databases appear to be well understood. However, I
found only one resource that discussed design issues. Nevertheless, in the remainder of this paper, I will discuss:
• characteristics/criteria involved in deciding whether a Web site should be backed by a database (or not)
• how such sites are constructed (using Web servers interfaced to relational database management systems (RDBMS))
• the design of dynamic, database driven Web sites.
I will end with a case study of two university class Web sites (both in the Department of Computer Science, University of Colorado at Boulder). 1. Sites that provide traditional information -These are sites that contain content that was bought off-line in pre-Web days.
Characteristics of database backed Web sites

2.
Sites that provide collaboratively created information -These are sites that provide information via feedback. Amazon.com would fall under this category via its reader reviews.
3.
Sites that provide a service via a server-side program -A sample site in this category would be hotmail.com, which provides free email to subscribers.
Sites that define a standard enabling a consumer to seamlessly
query multiple databases -A site in this category might be one of the broad, travel agency sites such as Travelocity (http://www.travelocity.com) or Expedia (http://www.expedia.com).
Both of these sites allow users to find cheap air fares from multiple airlines via a single interface.
Greenspun's categorizations seem to be a good starting point for Web sites for which it is unclear whether using an underlying database would be appropriate. Note that Greenspun's categories involve increasing amounts of collaboration. A simple home page is really a simplified version of a category 1 site. CNN.com could have been a category 1 site, but because the site provides discussion forums, it falls under category 2. Yahoo.com, a so-called Web portal, provides personalized news as well as providing free email services -a category 3 site. However, essentially no one, despite the example of online travel agencies, provides a category 4 Web site due to the required standardization.
But, why does increasing collaboration indicate a need for an underlying RDBMS? The answer lies in transaction processing. As collaboration increases, the need for concurrency also increases. Because of the "ACID test," multiple users are able to "read" and "write" -to browse and to publish -a given Web site.
Web servers and RDBMS
Traditionally (in Web speak, this is only 3-5 years ago), Web servers interacted with relational systems via CGI (Common Gateway Interface) scripts.
A Web server would fork a CGI script that would then ask for a connection to an RDBMS. The RDBMS would then fork a process to handle the client request after first authenticating the CGI script. Finally, SQL queries and replies would begin. Finally, Greenspun discusses security issues in relation to database driven Web sites. The host machine running the RDBMS must be kept behind a firewall. If not, then any client can attempt to access the database using the default TCP/IP port. However, placing the RDBMS behind the firewall is not enough. If the Web server is compromised, then an ill-meaning hacker will have access (root) to the database server. Therefore, both the Web server and the 1 As described in class previously, these steps are standard for any database configuration.
Nevertheless, having a concrete example in which to frame such a sequence of steps helps tremendously for a database novice such as myself. database server must be placed behind the firewall with only TCP connections to port 80 allowed (the default port number for HTTP). authenticating students and instructors. Additionally, the RDBMS could log statistics on the types of queries being performed and by whom to provide better feedback and gauge class participation. Certainly, there is some overhead in the setup of such a Web site, but given the fact that these classes are taught on a regular basis, it may make sense to do so.
Conclusions
There is a surprising dearth of literature on the subject of design of database backed Web sites. It is easy for me to imagine a book similar to the Design Patterns (Gamma et al 1995) -a book from the Object Oriented Design world that describes common "patterns" in software design -but instead written for the design of databases. It is also easy for me to imagine that this author might make a bit of money.
Despite the lack of practical how-to books and literature, the idea of dynamic, database driven Web sites seems to me to be important and ripe for exploration. In some sense, the entire Web can be viewed as the world's largest distributed database. Ultimately, a Web site is visited because of its content. It is a data driven entity. Instead of reinventing the wheel, Web site designers should learn from the lessons from years of database research, design, and experience.
If more thought is placed into how Web sites (even simple home pages) can leverage existing knowledge about databases, then perhaps the Web can fulfill its promise.
